r 


< 

o 
in 

o> 

Q. 
LU 


(19) 


J 


(12) 


EuropSisches Patentamt 
European Patent Office 
Office europten des brevets 

EUROPEAN PATENT APPLICATION 

(51) Int Cl7: HOI L 21/8234. HOI L 27/06 


llilililll 

(11) EP 0 975 021 A1 


(43) Date of publication: 

2a01.2000 Bulletin 2000/04 

(21) Application number: 98830444.0 

(22) Date of filing: 22.07.1998 


(84) Designated Cksntracting States: 

• Galbiati, Nadia 

AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 

20038 Seregno (IT) 

MC NL PTSE 

• Dalla Libera, Glovanna 

Designated Extension States: 

20052 Monza (IT) 

AL LT LV MK RO SI 

• Vajana, Bruno 


24100 Bergamo QJ) 

(71) Applicant: 

(74) Representative: 

STMicroelectronics S.r.l. 

20041 Agrafe Brianza (Mllano) ffT) 

Cerbaro, Elena, Dr. et al 

STUDIO TORTA S.r.L, 

(72) Inventors: 

Via Viotti, 9 

• Patelmo, Matteo 

10121 Torino (IT) 

20044 Bernareggio (IT) 



(54) Process for manufacturing an eiectronic device including MOS transistors with salicided 
junctions and non-salicided resistors 


(57) The manufacture process comprises the fol- 
lowing steps in succession: depositing a gate oxide 
layer on a silicon substrate (2) defining a transistor area 
(5) and a resistor area (6); depositing a multicrystal sili- 
con layer (11) on the gate oxide layer (10); removing 
selective portions of the multicrystal silicon layer (1 1) to 
form a gate region (1 1 a) over the transistor area (5) and 
a protective region (11b) completely covering the resis- 
tor area (6); forming source and drain regions (22) in the 
transistor area (5). laterally to the gate region (11a); 
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forming silicide regions (25, 26 and 27) on and in direct 
contact with the source and drain regions (22), the gate 
region (11a) and the protective region (lib); removing 
selective portiorts of the protective region (1 lb) to form 
a delimitation ring (34); and implanting ionic dopants in 
the resistor area (6), inside the area defined by the pro- 
tective ring (34), to form a lightly doped resistor (38) 
which has no silicide regions directly on it 
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Description 

[0001 ] The invention relates to a process for manufac- 
turing an electronic d^ce including MOS transistors 
with salicided junctions. 

[0002] As is known, some applications require logic 
components providing a high signal transmission 
speed. This high speed is generally achieved by using 
the technique of salicidation comprising forming a layer 
of self-aligned metallic silicide (known as "salicide" from 
"self -aligned siiicide**) on the junctions with the purpose 
of reducing the resistivity thereof. The stiictde layer is 
formed by depositing a metal layer (preferably of tita- 
nium (TiSia), cobalt or titanium-cobalt) on the entire sur- 
face of the device and carrying out a heat treatment 
step that causes the metal to react with the silicon, left 
bare on the junctions and the gate regions, and causes 
the formation of metallic silicide in those regions. The 
metal does not react on the zones of the device which 
are covered by silicon oxide. The metal that has not 
reacted is then removed by etching with a suitable solu- 
tion which leaves the metallic silicide intact. In this way 
both the gate regions of multicrystal silicon and the 
junctions come to have in parallel a metallic silicide layer 
of low resistivity (approx. 3/4 pO/square) which permits 
a reduction of the series resistance to the transistors 
and the short-circuiting of the source regions of the tran- 
sistors with the substrate contacts without using metallic 
interconnections, providing greater freedom in the posi- 
tioning of the contacts to the transistors. The "salicide" 
technique is described, for example, in the article ** Appli- 
cation of the self-aligned titanium silicide process to 
very large-scale integrated n-metal-oxide-semiconduc- 
tor technologies" by R.A. Haken in J. Vac. Sci. Technol. 
B. Vol. 3, No. 6, Nov/Dec 1985 and in "Self-aligned sili- 
cidation for sub half micron technologies" by K. Maex, 
Conference Proceedings, ULSI-X. 1995. pp. 405-414. 
[0003] There are also various families of devices (non- 
volatile memories, smart cards etc.) for which resistors 
with high resistance values are required; on the other 
hand, manufacture of such resistors is particularly conn- 
plex in processes in which the salicidation of the junc- 
tions is required at the same tima 
[0004] In feict current processes for manufacturing 
lightly doped and high precision resistors provide for 
forming LDD (Lightly Doped Drain) transistors in which 
source and drain junctions are formed with a gradual 
profile by a first implant of ionic dopants that is lighter 
and self-aligned with the gate and a second, heavier, 
implant seK-aligned with spacer elements. The lightly 
doped precision resistors are formed during the first 
Implant, self-aligned with a polysilicon ring; the second 
- heavy implant is then-screened in the zone of-the resisr 
tors a suitable mask. The heavy implant is made only 
in the region round the contact to ensure a good con- 
tact. 

[0005] The salicidation process presents problems if 
the underlying silicon is lightly doped and is not there- 


fore compatible with forming lightly doped resistors. Fur- 
thermore, the resistance is greatly reduced if salicide is 
present. This implies that it is necessary to avoid the 
salicidation of lightly doped resistors. 
5 [0006] The object of the invention is to provide a proc- 
ess for manufacturing an electronic device comprising 
both lightly doped, non-salicided resistors and MOS 
transistors, particularly LDD. using the salicide tech- 
nique. 

10 [0007] The invention provides a process for manufac- 
turing an electronic device including MOS transistors 
with salicided junctions and the electronic device thus 
obtained, as defined in Claims 1 and 7 respectively. 
[0008] For a better understanding of the invention a 

15 preferred embodiment will now be described, purely by 
way of non-exhaustive exanple and with reference to 
the accompanying drawings in which: 

Rg. 1 shows a cross-section through a portion of a 
so silicon wafer in a manufacture step of the device 
according to the invention; 
Rg. 2 shows a top view of the wafer of Fig. 1 ; 
Rgs. 3 and 4 show cross-sections similar to that of 
Rg. 1 . in subsequent manufocture steps; 
25 - Rg. 5 shows a top view of the wafer of Fig. 4; 

Rgs. 6-10 show cross-sections similar to that of 
Rg. 4. in sutssequent manufacture steps; 
Rg. 1 1 shows a top view of the wafer of Rg. 10; and 
Rg. 1 2 shows a cross-section similar to that of Rg. 
30 10. in a subsequent manufacture step. 

[0009] Fig. 1 shows a cross-section of a wafer i of sin- 
gle-crystal silicon that comprises a P-type substrate 2 
and has already been subjected to the preliminary man- 

35 ufacture steps according to conventional techniques for 
manufacturing electronic components. In the present 
case, field oxide regions 3 have been toned using a 
mask 4 of non-oxidizable material (typically formed by 
an oxide layer and a rutride layer, noit shown); field oxide 

40 regions 3 delimit active areas in which the various com- 
ponents of the device are integrated; in particular. Rg. 1 
shows a first active area 5 intended to house an LDD 
NMOS transistor and a second active area 6 intended to 
house an N-type lightly doped precision resistor. The 

45 shape of mask 4 can be seen in Rg. 2. P-type wells 
(intended to house NMOS transistors and N-type resis- 
tors) and N-type wells (intended to house PMOS tran- 
sistors and P-type resistors) are then formed by 
subsequent masked implant steps. In the example 

50 showm, P-type wells. 8 and 9, for transistor and resistor 
respectively, are formed in active areas 5 and 6 (Fig. 3). 
[0010] A gate oxide layer 10 is then deposited, ther- 
eon alightly-dopedlayer-of-polysilicon- 1-1 isthendeposr 
ited. The structure of Rg. 3 is thus ot>tained. 

55 [0011] A gate mask 13 is then formed (Fig. 4) which 
covers the entire resistor well 9 and, on the transistor 
well, the zone where the gate region of the LDD NMOS 
' transistor is to be formed. The shape of gate mask 13 
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can be seen in Fig. 5. The exposed portions of polysili- 
con layer 11 are then removed, using gate mask 13. 
The structure of Fig. 4 is thus obtained in which the 
region of the multicrystal silicon layer which forms the 
gate region of the LDD NMOS transistor is denoted by 
11a and the region above the resistor well 9 Is denoted 
by lib. 

[0012] The N zones are then separated from the P 
zones and vice-versa; specifically, a nnask (not shown) 
is first formed which covers the N-type wells (not shown) 
and a light implant of N-type dopant is carried out, 
shown diagrammatically by arrows 14 in Fig. 6. N-type 
LDD regions 15 thus form In the well 8. on the sides of 
the gate region 11a; in contrast, on top of the resistor 
well 9 the ionic dopants accumulate in the polysilicon 
region lib. The structure of Rg. 6 is thus obtained. 
[0013] In dual manner P-type LDD regions (not 
shown) are then formed in the N wells (also not shown) 
while completely covering the P-type wells. A dielectric 
layer (not shown) is then deposited and etched aniso- 
tropically. Spacers 20 are thus formed in known manner 
on the sides of the gate region 1 la, as shown in Fig. 7. 
In contrast, the dielectric layer is removed completely 
from polysilicon region 11b. 

[0014] After a new masking step to separate the N 
zones from the P zones and vice-versa, heavy implants 
are earned out to form source and drain regions of 
NMOS and PMOS transistors. In particular, by covering 
the N wells with a mask not shown, a heavy implant of 
N-type ionic dopants is carried out. as shown in dia- 
grammatic fbnn in Fig. 8 by arrows 21. In this way. 
source and drain regions 22. more highly doped than 
LDD regions 15 and self-aligned with the spacers 20. 
form in well 8. On top of the resistor well 9 the ions accu- 
mulate in the polysilicon region 1 lb without penetrating 
the resistor well 9. The structure of Fig. 8 is thus 
obtained. 

[0015] Then, after covering the P wells with a mask 
not shown, a heavy implant (not shown) of P-type ions 
is carried out to obtain source and drain regions in the N 
wells. The exposed silicon regions are then salidded; in 
particular, a metal layer is deposited on the entire sur- 
face of the device and then a heat treatment step is car- 
ried out which causes the metal layer to react with the 
exposed silicon, causing the formation of portions of 
metallic silickJe denoted by 25 on top of source and 
drain regions 22. by 26 on top of gate region 1 1 a and by 
27 on top of polysilicon region 11b. The un-reacted 
metallic layer is then removed, by etching with a suitable 
solution that leaves the metallic silicide intact. The 
structure of Fig. 9 is thus obtained, in which a transistor 
30, of LDD NMOS type. Is virtually complete but the 
resistors have not yet been formed. 
[0016] A thin dielectric layer 32 is then dep)osited to 
protect source and drain regions 22 and gate region 1 1 a 
of the LDD transistor 30 during the subsequent process- 
ing steps. A resistor mask 33 is then formed, which cov- 
ers all the LDD transistors, particularly the transistor 30, 


and delimits the area in which the resistor is to be 
implanted by means of a ring portion 33a. as shown in 
Fig. 1 1 . Using mask 33. the dielectric layer 32, the poly- 
silicon region lib and the gate oxkJe layer 10 are 

5 etched, obtaining an implant delimitation structure 
below also termed ring stack 34. 
[0017] Removal of resistor mask 33 is followed by a 
new masking step to separate N zones from P zones. In 
particular, an R-N mask 36 is first deposited covering 

10 the transistor 30 and the N wells in which P-type resis- 
tors are to be formed. A light implant of N-type ionic 
dopants is then carried out (as shown in diagrammatic 
fbrm in Rg. 12 by arrows 37) to form a lightly doped 
resistor 38. in Fig. 12, The implant may be carried out, 

15 for example, with a dose comprised between 10^^. and 
lO^"* atoms/cm^, to obtain a layer resistance comprised 
between 500 O. and 10 KSX The implant of the lightly 
doped resistor 38 is thus self-aligned with the ring stack 
34 defined previously; the dimensions of the lightly 

20 doped resistor 38 may therefore be controlled with high 
accuracy 

[0018] After removing the R-N mask 36. in dual man- 
ner an R-P mask is then formed which covers the tran- 
sistors and the lightly doped resistor 38 and uncovers 

25 the N wells (not shown) in which similar P-type lightly 
doped resistors (not shown) are to be formed. 
[0019] After implanting N-type resistors and removing 
the R-P mask known heavy doping steps round the 
resistor contact zones (in a manner similar to the known 

30 process), depositing a protective dielectric layer, form- 
ing contact openings, depositing and shaping nnetal lay- 
ers etc then follow. 

[0020] The advantages of the present process are as 
follows. Primarily, it enables high-speed salickle transis- 

35 tors and lightly doped precision resistors to be formed in 
the same device. Furthermore, forming lightly doped 
resistors independently of high-speed transistors ena- 
bles the characteristics of the various implants to be 
selected in the most convenient manner with respect to 

40 the specific requirements. 

[0021] Compared to the current processes with sDi- 
dde, the described manufacture process requires addi- 
tional masks to define the ring stack 34 and selectively 
protect the zones of the resistors from the N and P 

45 implants; of these masks the only precision (and hence 
costly) mask is, however, the one for defining the ring 
stack; consequently, the process costs are only slightly 
higher than those of the standard processes, as against 
the possibility of manufacturing a further type of compo- 

50 nent (lightly doped resistor of high precision). Of course, 
if resistors of a single type of conductivity are formed (as 
is true of most of cases, in which only N-type resistors 
are formed), the number of masks required is reduced 
and in particular it is possible to use a single mask to 

55 etch the ring stack and inrplant the resistor. 

[0022] Finally, it will be dear that modifications and 
variants nnay be introduced to the process and the 
device described and illustrated herein without thereby 
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departing from the scope of the invention. In particular, 
the fact is stressed that, when forming the resistors, 
instead of using a precision mask and two successive 4. 
masks to separate the N zones from the P zones* it is 
possible to use two precision masks, one to define 5 
respective ring stacks and the implant of P-type resis- 
tors, the other to define respective ring stacks arxl the 5. 
implant of N-type resistors. 

Claims 

1. A process for manufacturing an electronic device 
comprising a MOS transistor (30), comprising the 
steps of: 

75 

a) forming source and drain regions (22) in a 
substrate (2) of semiconductor material; 

b) forming a gate region (11a) on top of said 
substrate (2); 

c) forming first silicide regions (25 and 26) on 20 
top of and in direct contact with said drain. 6. 
source (22) and gate (1 la) regions, 
characterized by the step of forming, in said 
substrate (2), a resistor (38) with no silicide 
regions directly on top of it. 25 


structure (34). 

A process according to Claim 2 or 3, characterized 
in that said step h) of implanting Is carried out at a 
dose between 10^^ and 10^^ inclusive. 

A process according to one of Claims 2 to 4, 
acterized in that, before said step f). the following 
steps are carried out: 

forming, in said transistor area (5). LDD 

regions (15) having a second doping level 

lower than said first doping level and aligned 

with said gate re^on (11a): 

forming spacer elements (20) of electrically 

insulating material laterally to said gate region 

(lla): 

forming said drain and source regions (22) 
aligned with said spacers (20). 

A process according to one of Claims 2-5. charac- 
terized in that a field oxidation step is carried out 
before said step d). forming field oxide regions (3) 
separating said transistor area (5) from said resistor 
area (6). 


2. A process according to Claim 1. characterized in 
that said substrate (2) comprises a transistor area 
(5) in which said transistor (30) is to be formed and 
a resistor area (6) in which said resistor (38) is to be 30 
formed and in that it comprises the st^>s of: 

d) depositing a silicon layer (1 1) over said sub- 
strate (2), electrically insulated therefrom; 

e) removing selective portions of said silicon 35 
layer (11] to form said gate region (11a) over 
said transistor area (5) and a protective region 
(lib) completely covering said resistor area 
(6); and 

f) forming, in said transistor area (5), laterally to 40 
said gate region (lla). source and drain 
regions (22) of a first doping level (14); 

in that said step c) further comprises the step of 
forming second silicide regions (27) on said 
protective region (lib); arxl in that said step of 45 
forming a resistor (38) comprises the steps of: 

g) removing selective portions of said protec- 
tive region (lib) and of said second silicide 
regions (27); 

h) implanting ionic dopants in said resistor area so 
(6). 


7. An electronic device comprising a substrate (2) of 
semiconductor material and a MOS transistor (30) 
having drain and source regions (22) formed in said 
sut>strate (2), a gate region (1 la) formed over said 
substrate (2). first silicide regiois (25 and 26) dis- 
posed on and in direct contact with said drain, 
source (22) and gate (11 a) regions, characterized 
by a resistor (38) extending In said substrate (2) 
and having no silicide regions directly on it. 

8. A device according to Claim 7. characterized In that 
said transistor (30) is an LDD transistor. 

9. A device according to one of Claims 7-8. character- 
ized by field oxide regions (3) separating a transis- 
tor area (5) housing said MOS transistor (30) from 
a resistor area (6) housing saki resistor (38). 

1 0. A device according to one of Claims 7-9, character- 
ized in that said resistor (38) is a lightly doped resis- 
tor having a layer resistivity comprised t^etween 0.5 
and 10 KH 


85 A p rocess accordin g to claim 2 . characteriz ed in 

that an Implant delimitation structure (34) of closed 
shape is formed in said step g) and in that said step 55 
of implanting comprises introducing said ionic 
dopants into a portion of sakj resistor area (6) 
delimited externally by said implant delimitation 


4 


RNRnOCID:<EP 0975021A1 I > 



QMcnnrin- ^Pi3 r>Q7.Rn9iAi i > 


EP 0 975 021 A1 



FigS 


11b ^ ^ 


J5 


10- 


8 


11a 



10 


15 


_2_- 


Fig.6 


6 


EP 0 975 021 A1 



Fig.7 



BNS0OCiD:<EP 0975021A1 I > 


EP0975021 A1 


25W.'h i 22 



^ — ^11b ■ 



26 32 


Fig.n 

hXllll I 171 I I 1 1 l^f 


125 / 36 34 10 


32 lib 34 



8 


EP 0 975 021 A1 



European Patent 
Offloe 


EUROPEAN SEARCH REPORT 


Application Number 

EP 98 83 0444 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Categofy 


Citation of document with indication, where appropriate. 
of relevant passages 


Relevant 
to claim 


CLASSIRCATION OF THE 
APPLICATION <lnt.CI.6) 


US 5 773 339 A (OKAMOTO YUTAKA) 
30 June 1998 

* abstract; claims; figures * 

* column 5, line 1 - line 5 * 

PATENT ABSTRACTS OF JAPAN 
vol. 012, no. 489 (E-696), 
21 December 1988 
-& JP 63 204638 A (NEC CORP), 
24 August 1988 

* abstract ♦ 

EP 0 545 363 A (NAT SEMICONDUCTOR CORP) 
9 June 1993 

* abstract; claims; figures * 

* page 7, line 3 - line 6 * 

* page 7, line 58 - page 8, line 4 * 

EP 0 455 376 A (DIGITAL EQUIPMENT CORP) 
6 November 1991 

* abstract; claims; figures * 

US 4 830 976 A (MORRIS BERNARD L ET AL) 
16 May 1989 

* abstract; claims; figures * 


1,7-10 


1,7,9 


H01L21/8234 
H01L27/06 


1-6 


1-6 


1-4 


The present search report \\as been drawn up for all claims 


TECHNICAL HELOS 
SEARCHED (lnt.Cl.e) 


HOIL 


I 

Si 

s 

i 


Placo of $«aich 

THE HAGUE 


Dale at completion of Ihe $aan:h 

17 December 1998 


Exanrwier 

Wirner. C 


CATEGORY OP CITED DOCUMENTS 


X : particularty relevant if token alone 

Y : particularly relevant if combined with anottiar 

document of tt« same categoiy 
A : tdchf>ological background 
O : non<written disclosure 
P : intarmedlate document 


T : theory or principle undertying the invention 
E : earlier patent document, but published oa or 

after the f Qirtg date 
D : document cited in the application 
L : document cited tor other reasons 


& ; member of the safne patent famity, corresponding 
document 


9 


EPO 975021 A1 


ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCATION NO. 


EP 98 83 0444 


This annex lists the patent lamiiy memljers relating to the patent documents cited in the above-tnentiooed European search report 
The tnemlws are as contair»d in trie European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulais which are merely given for the purpose of information. 

17-12-1998 


Patent document 


Publication 


Patent family 

Publication 

cited in search report 


date 


member(8) 

date 

US 5773339 

A 

30-06-1998 

JP 

8097370 A 

12-04-1990 

EP 0545363 

A 

09-06-1993 

JP 

5291517 A 

Os-11— X99J 

EP 0455376 

A 

A 

uo— 11— lyy 1 

lie 





AU 

640473 8 

26-08-1993 




AU 

7426291 A 

14-11-1991 




CA 

2041362 A 

28-10-1991 




CA 

2041362 C 

12-09-1995 




DE 

69127928 D 

20-11-1997 




DE 

69127928 T 

07-05-1998 




JP 

2052000 C 

10-05-1996 




JP 

4229647 A 

19-08-1992 




JP 

7089578 B 

27-09-1995 




KR 

9402390 B 

24-03-1994 

US 4830976 

A 

16-05-1989 

US 

4645948 A 

24-02-1987 



CA 

1252835 A 

18-04-1989 




EP 

0197965 A 

22-10-1986 




HK 

44692 A 

26-06-1992 




JP 

2615009 B 

28-05-1997 




JP 

62500327 T 

05-02-1987 




WO 

8602180 A 

10-04-1986 


u For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 


10 


OMcrwv^irv ^co aotcaoiai i ». 


